• Varietal differences in salt tolerance were observed.
produce biodiesel (Hasib et al., 2011; Woods et al., 1991) . In 2017, US production of mustard and rapeseed was nearly half a million metric tons (USDA-NASS 2018) . Both species are ideal energy crops to grow on marginal lands because they are considered moderately tolerant to salinity (Ahmad et al., 2012; Tanji and Kielen, 2002) . However, it is well known that considerable variation in salt tolerance can be present not only among species but also among varieties and growth stages (Maas and Poss, 1989) , and this is especially true for Brassica crops (Ashraf and McNeilly, 2004; Zhang et al., 2014) . Bybordi (2010) reported differences in salt tolerance of five rapeseed varieties during germination and seedling growth. Huang and Redmann (2011) found variation in salt tolerance among wild barley (Hordeum jubatum L.), rapeseed, and wild mustard (Brassica kaber L.) during germination and seedling growth. Variation in salt tolerance at different growth stages and among varieties has been reported in other crops, including chile (Capsicum annuum L. [Niu et al., 2012] ), rice (Oryza spp. [Heenan et al., 1988] ), wheat (Triticum aestivum L. [Ashraf and Khanum, 1997] , corn (Zea mays L. [Maas and Hoffman, 1983] ), and tomato (Lycopersicon esculentum L. [Miyamoto et al., 1985] ). In this study we assess the salt tolerance of several mustard and rapeseed genotypes at the seedling emergence and seedling growth stages.
MAterIAls And Methods

Plant Materials
Seeds of seven mustard and three rapeseed genotypes were acquired from the USDA-ARS-GRIN in January 2018. A Monsanto DeKalb hybrid 'DKL 30-42' was included that has performed well under marginal lands and marginal water conditions (G. Ganjegunte, unpublished data, 2016) . A description of the 11 genotypes used in this study is provided in Table 1 . Two separate experiments were conducted to evaluate the relative salt tolerance of these genotypes at the seedling emergence and seedling growth stages.
seedling emergence
The seedling emergence experiment was conducted in a growth chamber (CMP6050, Conviron) for 10 d. There were 11 genotypes and two treatments with four replications (n = 88) randomized in a two-way factorial design. The two treatments included a control and a saline solution. The control was reverse osmosis (RO) water with an electrical conductivity (EC) of <5 mS cm -1 , and the saline solution was prepared by adding NaCl to RO water to raise the EC to 10 mS cm -1 . Seeds were sown in 3.8 × 3.8 cm plug cells filled with Propagation Mix (SunGro) premoistened with control or saline solution. Six seeds were sown per cell at a depth of 1 cm. During seedling emergence, treatment solutions were applied as needed by subirrigation. Throughout the experiment, a 12-h day/night photoperiod was used in the growth chamber. The temperature was 25/20°C, the relative humidity (RH) was 70/50%, and the photosynthetic photon flux density (PPFD) was 120 mmol m -2 s -1 . Emergence was counted daily at noon and was determined when the cotyledons and hypocotyl were clearly observed above the soil surface. Emergence percent (EP) was calculated as:
100 Total number of seeds Emergence index (EI) was calculated as:
where i is the index of n observations, T i is the number of i days after sowing, and EP i is the emergence percent (EP) at day i.
seedling Growth
The seedling growth experiment was conducted in a temperature-controlled greenhouse for 4 wk. There were 11 genotypes and three treatments with four replications (n = 132) randomized in a two-way factorial design. The three treatments included a control and two saline solutions. The control was a nutrient solution prepared with RO water and Peter's 15-5-15 Ca-Mg Special (Scotts) at 200 ppm N with pH adjusted to 6.5. The EC of the control solution was 1.5 mS cm -1 . The saline solutions were prepared in the same manner as the control with the addition of NaCl to raise the EC to 5 and 10 mS cm -1 , respectively. Seeds were sown in 3.8 × 3.8 cm plugs with Propagation Mix (SunGro) and placed in an automated misting bench in the greenhouse. Two weeks later, seedlings were transplanted to 1.9-L pots filled with Metro-Mix 360 (SunGro) and irrigated with RO water as needed. Two weeks after transplanting, treatments were initiated on uniformly selected plants. Plants were irrigated with treatment solution by overhead irrigation whenever the substrate surface was dry for 4 wk, at which time plants were harvested. Throughout the experiment, the average greenhouse air temperature was 28°C during the day and 19°C during the night, the average RH was 29%, and the average PPFD was 555 mmol m -2 s -1 , with a maximum of 1021 mmol m -2 s -1 .
Data collection included weekly measurements of the leachate EC and pH using Horiba LAQUAtwin meters according to the pour-through method (Torres et al., 2010) . At termination of the study, the relative chlorophyll content (i.e., soil-plant analysis development [SPAD]), leaf chlorophyll fluorescence, gas exchange parameters, leaf area, and fresh weight of the shoot tissue were recorded. The SPAD was taken as the average of three representative, mature leaves per plant using a portable chlorophyll meter (SPAD-502Plus, Konica Minolta). Leaf chlorophyll fluorescence was taken from a representative mature leaf per plant after dark adaptation for 20 min using a handheld Pocket PEA Chlorophyll Fluorimeter (Hansatech Instru-table 1. description of the seven mustard (Brassica juncea) and four rapeseed (Brassica napus) genotypes used in this study to evaluate the relative salt tolerance at the seedling emergence and seedling growth stages.
Species
Genotypes Accession Description ments LTD). Maximum photochemical efficiency (F v /F m ratio) and performance index (PI) were determined using the software PEA Plus V1.10 according to Strasser et al. (2000) . Gas exchange parameters were taken from a representative mature leaf from each plant using a CIRAS-3 portable photosynthesis machine (PP Systems International) and included stomatal conductance (gs), photosynthetic assimilation (A), transpiration (E), and water use efficiency (WUE). A PLC3 leaf cuvette with an LED light unit was used, and the PPFD, RH, and CO 2 concentration inside the leaf chamber were kept constant at 800 mmol m -2 s -1 , 50%, and 390 mmol mol -1 , respectively. Leaf area was measured using a LI-3100C area meter (LI-COR Biosciences). Immediately after harvesting, the leaf fresh tissue samples were placed in an oven at 60°C until complete dryness, and the dry weight (DW) of each sample was recorded. Three of the four replications of dried leaf samples were ground to pass a 40-mesh screen using a Wiley mill (Thomas Scientific) for the determination of chloride (Cl -) concentration. The Clwas extracted from the ground leaf tissue samples using 2% acetic acid (Gavlak et al., 1994) , and the concentration was determined using a M926 Chloride Analyzer (Cole Parmer Instrument Co.). Relative data were used to compare EP, EI, fresh weight (FW), and DW means among the different genotypes and were calculated as the percent of the averaged control as follows: All data were analyzed with JMP 13 (SAS Institute Inc.), and ANOVAs were run using the standard least squares method. Means were separated using Tukey's HSD test at a = 0.05, and pairwise means were separated using Student's t test at a = 0.05. The Ward method was used to run the hierarchical cluster analyses.
results And dIsCussIon
Analysis of Variance summary
For all response variables, significant treatment and genotype main effects and their interactions are listed in Table 2 .
relative emergence Percent and emergence Index
For the seedling emergence experiment, there were significant genotype effects in relative EP and EI (Table 2) . There was great variation in salt tolerance among genotypes in the relative EP and EI, which ranged from 11 to 112% and from 7 to 110%, respectively ( Fig. 1 ). The relative EP and EI of 'Brown Mustard' , 'Oriental Mustard' , and 'Wichita' appeared to be unaffected by salinity and were significantly greater than that of 'BO-98' , 'CrGC-20' , and 'CrGC-4' . There was strong correlation between relative EP and EI (r 2 = 0.94), which indicated that salinity similarly inhibited and delayed the emergence of most genotypes. Redmann et al. (1994) reported a similar decline in EP and emergence rate of a B. napus cultivar (Legend) under salt stress. Salt, specifically NaCl, table 2. summary of analysis of variance main effects and their interactions for all measured response variables of the seven mustard (Brassica juncea) and four rapeseed (Brassica napus) genotypes treated with control and saline solutions.
Source
EP † EI
Leaf area
Shoot FW
Treatment --*** *** *** *** ns *** *** *** *** ns ‡ *** Genotype *** *** *** ns *** *** * *** ns * ns ns *** Treatment × genotype --ns ns ns ns ns ** ns ns ns ns *** * Significant at the 0.05 probability level. ** Significant at the 0.01 probability level. *** Significant at the 0.001 probability level. † A, photosynthetic assimilation; DW, dry weight; E, transpiration; EI, emergence index; EP, emergence percent; FW, fresh weight; F v /F m , maximum photochemical efficiency ratio; gs, stomatal conductance; PI, performance index; WUE, water use efficiency. ‡ Not significant. can impose both osmotic and toxic effects that can inhibit seed imbibition and germination (Almansouri et al., 2001) .
A hierarchical cluster analysis was performed based on the means of relative EP and EI, and two clusters were identified (Fig. 2) . Cluster 1 included four mustard genotypes ('Ballo' , 'CrGC-6' , Brown Mustard, and Oriental Mustard) and three rapeseed genotypes (' AR91004' , 'Sumner' , and Wichita). Cluster 2 included three mustard genotypes (BO-98, CrGC-20, and CrGC-4) and one rapeseed variety . The cluster means were arranged from high to low; therefore, genotypes in Cluster 1 were considered more salt tolerant than those in Cluster 2. Overall, variation in salt tolerance was observed among these genotypes at the seedling emergence stage.
leachate electrical Conductivity
For the seedling growth experiment, the mean leachate EC of the control plants remained stable throughout the experiment and did not exceed 2.0 mS cm -1 (Fig. 3 ). For the EC5 and EC10 saline treatments, the mean leachate EC increased rapidly in the first week, followed by a continued but slower increase until the final week. At termination of the experiment, the mean leachate ECs for the control, EC5, and EC10 treatments were 1.4, 11.2, and 16.3 mS cm -1 , respectively. Salts can accumulate in a substrate without sufficient leaching, which can lead to increased EC of the leachates. In this study, an ~30% leaching fraction was maintained during irrigations to help slow down the accumulation of salts in the soil substrate while minimizing the waste of water and fertilizer.
relative leaf Area and shoot Fresh Weight and dry Weight
At the end of the 4-wk seedling growth experiment, there were significant treatment and genotype effects in relative leaf area and shoot FW and DW, except for the genotype effect in relative shoot FW (Table 2 ). In general, the saline treatments caused reductions in leaf area, shoot FW, and shoot DW compared with the control (Table 3) . For EC5 and EC10, respectively, the relative leaf area ranged from 64 to 97% and from 33 to 61%, the relative shoot FW ranged from 70 to 86% and from 38 to 65%, and relative shoot DW ranged from 65 to 101% and from 41 to 69%. For relative leaf area, CrGC-20 was significantly less than Sumner when treated with EC10. For relative shoot FW, Ballo, BO-98, and Brown Mustard were significantly less than CrGC-6 when treated with EC10. For relative shoot DW, CrGC-4 was significantly less than Wichita when treated with EC5, and BO-98, Brown Mustard, CrGC-4 and Oriental Mustard were significantly less than AR91004, DKL 30-42, and Wichita when treated with EC10. More genotype differences were observed in EC10 than in EC5, indicating that the higher salt treatment was more effective for evaluating differences in relative salt tolerance in these two species.
Reductions in leaf area and biomass are common effects of salt stress and are largely caused by the rapid osmotic effect of salinity outside of the roots that inhibits the uptake of water by the plant (Munns and Tester, 2008) . Salt-tolerant plants typically have less growth reduction under elevated salinity (Wu et al., 2016) . Therefore, based on the relative shoot DW, hierarchical cluster analyses were performed to determine the most salttolerant genotypes at the seedling growth stage, and two clusters were identified for both EC5 and EC10 (Fig. 4) . For each salt treatment, the cluster means were arranged from high to low; therefore, Cluster 1 was considered more salt tolerant than Cluster 2. Clustering was different between the salt treatments, and there was better separation in EC10 than in EC5, as indicated by the distance maps. Based on these results, Wichita, AR91004, DKL 30-42, Sumner, Ballo, and CrGC-6 were the most salttolerant genotypes, whereas Brown Mustard and CrGC-4 were the most sensitive at the seedling growth stage. When compared with the cluster analysis of relative EP and EI, there were differences in salt tolerance between the seedling emergence and seedling growth stages. Specifically, Oriental Mustard and Brown Mustard were more tolerant to salinity at the seedling emergence stage, and DKL 30-42 was more tolerant at the seedling growth stage, whereas Wichita, AR91004, Sumner, Ballo, and CrGC-6 were more tolerant at both growth stages.
soil-Plant Analysis development
There were significant treatment and genotype effects in SPAD (Table 2 ). In general, SPAD increased by an average of 14 and 18% in the EC5 and EC10 treatments, respectively (Fig. 5 ). Variation among genotypes was also present and the four rapeseed genotypes (AR91004, DKL 30-42, Sumner, and Wichita) tended to have the highest SPAD when treated with control or the saline treatments. An increase in SPAD is typically associated with darker green leaves due to greater amounts of nitrogen per leaf area (Dou et al., 2018; Lichtenthaler, 1985) . However, in response to salt stress, leaf succulence can increase through vacuolar expansion to dilute Na + and Clconcentrations in the tissue and consequently aid in osmotic adjustment for continued water uptake and transpiration of the plant (Flowers et al., 2015; Ottow et al., 2005) . Leaf succulence may concentrate chloroplasts near the surface of the leaf, resulting in darker green leaves, which could explain the increased SPAD readings. Additionally, under salinity stress, leaf expansion, associated with changes in leaf anatomy (smaller and thicker leaves), is reduced, resulting in higher chloroplast density per unit leaf area (Munns and Tester, 2008) .
leaf Chlorophyll Fluorescence
There were significant treatment and genotype effects in F v /F m and PI, except for the treatment effect of F v /F m (Table 2) . Only PI had sa ignificant treatment × genotype interaction. In general, F v /F m did not change in response to the saline treatments, whereas PI increased by an average of 18 and 28% in the EC5 and EC10 treatments, respectively (Table 4 ). For F v /F m , only DKL 30-42 was significantly greater than CrGC-4 when treated with high salinity (EC10). For PI, variation and genotypic differences were dissimilar among the three treatments, which led to the significant interaction. The PI increased significantly in response to salinity in four of the 11 genotypes (AR91004, Brown Mustard, DKL 30-42, and Sumner). The F v /F m ratio indicates the maximum quantum efficiency of photosystem II and PI is an indicator of the photo- Mean leaf area, shoot fresh weight, and shoot dry weight of the seven mustard (Brassica juncea) and four rapeseed (Brassica napus) genotypes treated with control solution saline solution for 4 wk. the data presented are relative (percent of control).
Genotype
Leaf area
Shoot fresh weight Shoot dry weight 22Ab † Saline solution with electrical conductivity of 5 mS cm -1 . ‡ Saline solution with electrical conductivity of 10 mS cm -1 . § Uppercase letters within columns indicate significant differences among genotypes, and lowercase letters within rows indicate significant differences among treatments according to Tukey's HSD test (P < 0.05). shoot dry weight (dW) of the seven mustard (Brassica juncea) and four rapeseed (Brassica napus) genotypes treated with saline solution with electrical conductivity of 5 ms cm -1 (a) or saline solution with electrical conductivity of 10 ms cm -1 (b) saline solutions for 4 wk. the cluster means were arranged from high to low, and Cluster 1 was considered more salt tolerant than Cluster 2. the distance map indicates separation between clusters. synthetic sample vitality, and both can be used as indicators of abiotic stress in plants (Strasser et al., 2000) . Oukarroum et al. (2007) found no differences in F v /F m , but PI decreased in barley cultivars under drought stress. Similarly, Mehta et al. (2010) observed no significant differences in F v /F m , but PI decreased in response to salt stress of 0.1 to 0.5 M NaCl in wheat seedlings. Wu et al. (2016) reported no differences in both F v /F m and PI of six Lamiaceae landscape species in response to salt stress up to EC 10 mS cm -1 . The increases in PI observed in our study, along with the fact that the F v /F m ratio remained stable, led us to conclude that the efficiency of photosystem II was not hindered by salt stress in these genotypes.
Fig. 4. dendrograms and distance maps of the hierarchal cluster analyses using the Ward method and based on the means of relative
Gas exchange Parameters
There were significant treatment effects in gs, A, and E but not WUE (Table 2 ). There were significant genotype effects for A only, although Tukey's HSD test found no significant mean separations. In general, gs, A, and E decreased in response to the saline treatments, whereas WUE did not change (Table 5 ). For EC5 and EC10, the average percent difference from the control was -6 and -68% for gs, -10 and -50% for A, 5 and -46% for E, and -12 and -11% for WUE. Osmotic stress due to salt can lead to a rapid cascade of plant physiological responses, including reduced stomatal conductance, transpiration, and net photosynthesis (Parida and Das, 2005) . The decrease in photosynthetic parameters that were observed in this study are indicative of osmotic stress imposed by the saline treatments and corroborate with the plant growth reductions mentioned above.
leaf Cl -Concentrations
For Clconcentration in the leaf tissue, there were significant effects of treatment, genotype, and their interaction (Table 2) . For the control, EC5, and EC10 treatments, the concentration of Clranged from 1.10 to 2.55, from 20.93 to 56.06, and from 31.72 to 111.35 mg gdw -1 , respectively (Table 6 ). The concentration of Clincreased in all genotypes as salinity increased, except for AR91004 when treated with EC10. For the saline treatments, two mustard genotypes had the highest concentrations of Cl -, and all four rapeseed genotypes (AR91004, DKL 30-42, Sumner, and Wichita) had the lowest. Although Clis an essential micronutrient in plants, it can be toxic at higher concentrations, and many crops are sensitive to Clconcentrations as little as 4 to 7 mg g -1 of tissue dry weight (White and Broadley, 2001) . Chloride is mobile in most plants and can readily accumulate in the leaves, which are the most sensitive tissue to salt damage. Salt-tolerant plants, such as halophytes, can accumulate high concentrations of salts in the leaf tissue, where they are presumably sequestered safely inside the vacuoles of cells (Flowers and Colmer, 2008) . The high concentrations of Clin the leaf tissue observed in this study indicate that these genotypes possess salt-tolerant mechanisms, such as vacuolar sequestration, to protect sensitive leaf tissue from Cltoxicity.
In conclusion, Wichita, AR91004, Sumner, Ballo, and CrGC-6 were considered the most salt-tolerant genotypes at both growth stages, whereas Oriental Mustard and Brown Mustard were more tolerant at the seedling emergence stage and DKL 30-42 was more tolerant at the seedling growth stage. The differences in salt tolerance among genotypes and at different growth stages observed in this study agree with reports in the literature and suggest that selection for salt-tolerant crops for production on marginal lands should consider these differences. Continued research is encouraged to identify and quantify varietal and growth-stage variation in salt tolerance regarding plant growth, photosynthesis, and tissue mineral content.
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Genotype
Mean Clconcentrations Control EC5 † EC10 ‡ --------mg g -1 --------AR91004 Wichita 1.19Cc 20.93Db 31.72Ea † Saline solution with electrical conductivity of 5 mS cm -1 . ‡ Saline solution with electrical conductivity of 10 mS cm -1 . § Uppercase letters within columns indicate significant differences among genotypes, and lowercase letters within rows indicate significant differences among treatments according to Tukey's HSD test (P < 0.05).
